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APOi'RACT 

Tiis  spectral  reflectance  and  transm  ttance  of  twenty-one  materials 
employed  witnin  and  around  dwell in^^s  have  been  determined  by  the  Material 
Laboratory.  Tne  total  radiant  absorptances  computed  from  these  data  for 
2000'^K  and  ^i000°K  black  body  radiation  may  be  sip;n!  ficantiy  different, 
even  for  black,  materials-  In  C3tirr.atin?5  the  tnermal  ener.vy  from  a given 
source  repaired  to  damage  a material  on  tne  basis  of  rneasuroments  utili- 
zing a source  of  different  spectral  ouality,  suitable  correction  must  ho 
made  for  tiie  absorntance  of  tne  material  integrated  ever  t.nc  snectram  of 
tno  source. 
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AUTHORITY 


1.  Tnis  investigation,  which  was  requested  by  reference  (a)  and  conducted 
by  the  Material  Laboratory , i s part  of  the  program  proposed  by  T'eference  (b) 
and  formally  approved  by  reference  (c).  The  general  Therrrial  Radiation 
program  is  under  the  supervision  of  the  Armed  Forces  Special  iVeapons  Project. 


INTRODUCTION 


2.  The  Forest  Products  Laboratory,  U. S.  Forest  Service,  Madison,  Wis. , 
under  contract  to  the  Armed  Forces  Special  Weapons  Project,  is  studying  the 
behavior,  under  exposure  to  intense  thermal  radiation,  of  various  materials 
whicn  may  serve  as  fuels  in  the  epent  of  an  atomic  explosion  over  an  urban 
area.  In  studying  the  ignition  characteristics  of  these  materials  and  in 
attempting  to  correlate  laboratory  and  field  exposures,  involving  a source 
of  radiation  of  relatively  low  temperature  and  one  of  relatively  high 
temperature,  the  spectral  reflectance,  transmittance  and  absorptance  of 
the  materials  are  important  factors  in  attemptipg  to  predict  their  behavior 
under  exposure  to  a nuclear  detonation. 

3.  The  materials  investigated  included  those  which  would  be  found  in  the 
interior  of  and  about  a typical  dwelling  . The  materials  were  selected 

and  submitted  by  the  Forest  Products  Laboratory.  The  measurements  included 
the  spectral  reflectance  and  spectral  Pransmittance  of  the  materials  over 
the  spectral  region  from  0.3  to  2.7  microns;  the  total  absorptances  of  the 
m.aterials  for  black-body  radiation  at  SOOO^.K  and  6000°K  vjere  computed  from 
these  data. 


MiETHODS  OF  MFASUREMRNT 

4.  In  general,  the  spectral  transmittance  and  reflectance  measurements 
were  made  over  the  spectral  range  fro.m  0.32  to  2.7  m.icrons.  The  Beckm.an 
Model  DU  Spectrophotometer^  was  employed  for  the  measurements  in  the  ultra- 
violet (0.32-0.4  microns).  The  General  Electric  Recording  Spectrophotometer'^ 
was  employed  for  the  measurements  in  the  visible  and  near- infrared  regions 
(O. 4-1.0  micron).  For  the  transmittance  measurements  in  the  infrared 
region( 1. 0-2.  7 microns),  the  Perkin-Elmer  Infrared  Spectrometer^  was  employed 
for  the  reflectance  measurements  in  the  infrared  region  the  spectrometer  was 
used  in  conjunction  with  the  NIvIL- designed  reflectometer'^.  Measurements  were 
taken  in  overlapping  spectral  regions  to  enable  correlation  of  data  from  the 
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i three  instrumentvS.  Readings  were  recorded  at  intervals  of  50  millimicrons 

in  the  ultraviolet  arm!  visible  regions  and  at  intervals  of  IGO  milli- 
microns in  the  Infrared. 

5.  Difficulty  of  sample  placement  precluded  taking  transmittance  measure- 
ments in  the  ultraviolet  for  certain  materials  such  as  excelsior  and  broom- 
straw,  bur  since  the  transmittance  of  these  materials  is  dependent  on  con- 
figuration and  thickness,  it  may  be  assumed  that  the  transmittance,  at 
least  to  a first  approximation,  is  negligible. 

6.  The  accuracies  of  the  reflectance  measurements  in  the  ultraviolet, 
visible,  and  infrared  regions  are  approximately  ±4,  t 1,  and  t 5 per  cent, 
respectively.  The  corresponding  values  for  the  trans.mi ttance  measurements 
are  1 2,  ± 1,  and  ± 2 per  cent,  respectively.  These  figures  give  an  overall 
accuracy  of  tne  absorptance  measurements  of  about  ± 5 per  cent.  7itiile  this 
accuracy  will  hold  for  a particular  placement  of  such  samples  as  shredded 
newspaper,  excelsior,  broom  straw,  scrub  brush,  dust  mop,  and  cotton  waste, 
slight  ch.anges  in  orientation  or  packing  may  produce  large  changes  in 
reflectance.  On  the  other  hand,  the  measurements  are  useful  for  a comparison 
of ^ the  samples  radiant  absorptance  values  relative  to  various  sources. 

RADIANT  ABSORPTANCE 

?.  The  total  radiant  absorptance,  a,  for  a given  matpriai  .vas  computed  from 
the  spectral  transmittance  and  reflectance  as  measured.  It  was  defined  by 
means  of  the  relationship; 


where  and  t^  are  t;ie  ffi--iterial's  spectral  absorptance,  reflectance, 

and  transmittance,  respectively,  at  the  wavelengtn  X;  E;,^dX-  is  the  spectral 
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energy  of  the  source  in  the  wavelength  interval  from  to  X+dV. 

8.  The  absorptance  coefficients  of  the  samples  were  computed  for  2600*^^ 
and  6000°K  black-body  sources.  No  corrections  were  made  for  atmospheric 
losses. 


RESULTS 

9.  Tne  spectral  transmittances  and  reflectances  of  the  various  materials 
are  given  in  Enclosure  (l).  The  total  radiant  absorptances  are  given  in 
Enclosure  (2). 

10.  Several  observations  may  be  drawn  from  the  data  presented  i.i  Enclosures 
fl)  and  (2)  While  color  determines  the  amount  of  visible  radiation  a 
material  may  absorb,  as  Figures  1 ana  2 show  in  the  case  of  rayon  twill 
linings,  the  reflectance  and  absorptance  of  a light-colored  material  in 
the  infrared  may  be  the  same  as  those  of  a dark-colored  material.  The 

black  materials  are  not  black  in  the  infrared.  The  transmittance  of  relative- 
ly opaque  materials  is  significant  in  determining  the  amount  of  radiation  a 
material  may  absorb-  It  is  interesting  to  note  that  the  spectral  transmittance 
has  the  same  general  characteristic  as  the  spectral  reflectance.  The  cellu- 
losic-base  fibers  (cotton,  rayon  and  paper)  have  similar  absorptance  maxima 
in  the  infrared 

11-  The  data  of  Enclosure  (2)  indicate  that,  in  correlating  laboratory  and 
field  exposures,  particularly  when  there  is  a aubstantial  difference  in  the 
temperatures  of  the  two  sources,  suitable  correction  must  be  made  for  the 
total  radiant  absorptance  of  the  material  for  the  particular  source  of 
radiation. 


Approved; 


M’  /./T  0- 


H T.  KOONCE,  CAPTAIN,  USN 
The  Director 
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Fig.  7 Spectral  Characteristics  of  Cream  Color  Venetian  Blind  Cotton  Tape 


Fig.  8 Spectral  Characteristics  of  Unbleached  Cotton  Sheetini 
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Fig.  9 Spectral  Characteristics  of  Ivory-White  Rayon  Marquisette  Curtaia 


WAVE  lENOTll  iMU,HONS) 


Fig.  10  Spectral  GharfOteri sties  of  Oiled  Green  Window  Shade 
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Fig.  11  Spectral  Characteristics  of  3-Ply  Dark  Bristol  Bo-'/rd 
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Fig.  13  Spectral  Characteristics  of  10-Ply  White  Bristol  Board 


Fig.  lU  Specti-al  Characteristics  of  Green  Crepe  Papei* 
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RADIANT  ABSORPTANCE  COEFFICIENTS 


Forest 
Product  s 
Nos . 

Saoipl e Description 

Rad i an  t 

Absorptance 

260O°K 

6000°K 

454 

Cotton  tape  from  Venetian  Blind,  old,  cream  color, 

0.032"  thick 

0.41 

0.43 

318 

Window  shfltle,  oiied,  nev/,  *?r  een  , p . (jj  4 " thick 

0.  72 

0.87 

128 

Bristol  board.  3 -ply.  dark.  0.01?"  thick 

0.34 

0.64 

100 

Crepe  paper,  green,  0.0056”  thick 

0.  28 

0.62 

137 

Bristol  board,  10-ply,  white,  0.0‘?4"  thick 

0.  30 

0.  23 

164 

Bristol  hoard,  3-pIy,  white.  0.017”  thfOk 

0,  30 

0.  16 

429 

Slieeting-  unbleached  cotton.  O.OI4"  thick 

0.26 

0.  21 

424 

FI  a, me],  wool,  black 

0.  45 

0.73 

438 

Rayon  twill  lining,  beige;  O.OOs”  thick 

0.22 

0.  31 

401 

Cotton  der.im,  blue,  Washed,  0.025”  thick 

0. 53 

0.77 

408 

Acetate  •shantung:  black.  0.0075”  thick 

0.28 

0.66 

441 

Rayon  twill  lining,  black,  O.OOS”  thick 

0.  28 

0.  62 

4bl 

Rayon  marquisette  curtain  ivory-white. 

0.0296"  thick 

0 . 28 

0.20 

417 

Rayon  .acetate  drapery,  wine 

0.  24 

0.53 

196 

Sh  redded  newspaper 

0. 54 

0.  55 

200 

Excelsior,  Ponderosa  Pine,  light  yellow 

0.53 

0.  53 

362 

Broom  straw,  yellow,  old,  usci-l 

0.58 

0.7! 

243 

Tampico  fibei,  from  used  scrub  brush,  tan 

0.  68 

0.72 

353 

DuSv  mop,  oilv,  dry.  gray,  dismeter  of  fiber  O.Obl 

0.86 

0.  86 

300 


Cotton  waste,  oily,  pray 


0.30 
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Commandinn  General,  Air  Materia!  Command,  Ar i ght-Pat terson  AFB, 

Daylon,  Ohio,  ATTN:  Air  Installations  Div.,  MCH1XD6-,  Special 
S tud i es  Of  f ice  2 
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Commat.ciing  General,  Air  Training  Command,  Scott  AFB,  Belleville® 

III,  ATTNt  OCS/O,  6TP  2 

Commanding  General,  Air  Research  & Development  Command,  PO  Box  1595» 

Baltimore,  Md.,  ATTNt  RODN  3 

Commanding  General,  Air  Proving  Grounds,  Cmd,  Egl in  AFB,  Fla,® 

attnj  ag/trb  1 

Commanding  General,  Air  University,  Maxwell  AFB,  Ala*  2 

Commandant,  Air  Command,  & Staff  School,  Maxwell  AFB,  Ala*  2 

Commandant,  AF  School  of  Aviai'ion  Medicine,  Randolph  AFB,  Texas  2 

Commanding  General,  Wright  Air  Dev  Ctr,  Wr ight-Patterson  AFB® 

Dayton,  Ohio,  ATTN:  WCOESP  I 

Commanding  General,  AF  Cambridge  Research  Center,  250  Albany  St*, 

Cambridge,  Mass,  ATTN:  Atomic  Warfare  Directorate  I 

CRTS L -2  I 

Commanding  General,  AF  Special  Weapons  Center,  Kirtland  AFB, 

NM,  ATTN:  Chief,  Technical  Library  Br  5 

Commandant,  USAF  Institute  of  Technology,  Wr ight-Petterson  AFB, 

Dayton,  Ohio®  ATTN:  Resident  College  I 

Commanding  General,  Lowry  AFB,  Denver,  Colo.,  ATTN:  Dept  of 

Armament  Training  5 

Commanding  General,  1009th  Special  Weapons  Sq,  Hqs,  USAF, 

Washington  25,  0C»  5 

The  RAND  Corporation,  1700  Main  St,,  Santa  Monica,  Calif®  ATTN: 

Nuclear  Energy  Division  2 

F>ANF.L  ON  THERMAL  RADIATION 

Or,  J,  0.  Hardy,  Dept  of  Ph^ology,  Cornell  University  Medical 

College,  1 300  York  Avenue,  New  York  I,  New  York  I 

Prof  H.  C,  Hottel,  Mass.  Institute  ''f  Tech,,  Cambridge,  Mass*  i 

Dr,  E.  0.  Hulbi  ;'r,  Naval  Researc!'!  Laboratory,  Washington  25,  D.C,  I 

Dr,  H,  E,  Pearse,  Strong  Memorial  Hospital,  260  Crittenden  31vd*, 

University  of  Rochester,  Rochester  7,  N.  Y.  1 
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AFSWP  & AFSWP  CONTRACTORS 

Director,  Tech  Operations,  Inco,  6 Schouler  Court,  Arlington  7kt  iV'ass,  I 

Dr,  E.  I,  Evans,  Medical  Co! iege  of  Virginia,  Kichmond,  Va,  1 

California  Forest  Experimental  Station,  US  Forest  Service,  PO  Box 

Berkeley,  Calif,  ATTN  s C.  C.  Buck,  Div  Forest  Fire  Branch  i 

Profo  C.  C.  Williams,  Dept  of  Cm  1 Eng,  Mass  Institute  of  lechnology, 

Cambr  i ^ge.  Mass.  I 

Mr.  H.  D.  Bruce,  Forest  Products  Lab,  No.  Walnut  St,  Madison  Wise.  1 

CoiTimanding  General,  Field  Command,  AFSVfP,  PO  Box  5100,  Albuquerque,  NM  6 

Chief,  AFSWP,  PO  Box  26l0,  Washington  13,  DC  9 


OTHERS 

Dr,  R.  P.  Peterson,  Director,  Applied  Physics  Div,  Sandia  Corp,, 
Albuquerque,  New  Mexico 

Dr.  Alvin  C,  Graves,  J-l  Div.,  Los  Alamos  Scientific  Lab,  PO  Box  1663, 
Los  Alamos,  New  Mexico 

Dr,  Harold  Agnew,  Director's  Office,  Los  Alamos  Scientific  Lab., 

P.  0.  Box  1663,  Los  Alamos,  New  Mexico 

Executive  Secretary,  JCS,  Washington  25,  DC 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm  2EI006, 

Pentagon,  Washington  25,  DC 

Assistanv  for  Civil  Defense,  OSD,  Washington  2S,  DC 

Chairman,  A^med  Services  Explosives  Bd,  DOD,  Rm  24O3,  Barton  Hall, 
Washington  25,  DC. 

Chairman,  Research  & Development  Board,  DOD,  Washington  25,  DC, 

ATTN;  Technical  Library 

Commandant,  Armed  Forces  Staff  College,  Norfolk  II,  Va.,  ATTN; 
Secretary 

Engineering  Research,  University  of  California,  PO  Box  I4.063, 

Westwood  Village  Station,  Los  Angeles  24,  Calif. 
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* Director,  Armed  Services  Technical  Information  Agency,  Document  Service 
Center,  U.  8.  Building,  Dayton  2,  Ohio  2* 


♦ This  agency  is  not  to  receive  documents  or  reports  containing 
RCSTRICTED  DATA. 
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